Abstract: The aim of this study was to determine the efficacy of rinses with slurries of a dentifrice containing triclosan (TCS), as compared with rinses with slurries from a control dentifrice, in controlling early subgingival biofilm formation. A double-blind, randomized and cross-over clinical trial was designed, and 26 dental students were included. In the first period, participants were randomized to rinse with a TCS slurry or a control slurry, in a 12 h interval, and to refrain from mechanical cleaning. A Plaque Free Zone Index was assessed at 24 h, 48 h, 72 h and 96 h. After a washout period of 10 days, the second experimental period was conducted, following the same protocol as the first period, except that the slurry groups were switched. Use of the TCS slurry resulted in a significantly higher percentage of plaque-free surfaces, both at 24 h and at 72 h (p < 0.01). In the of 48-72 h interval, the triclosan slurry showed a lower percentage of sites converted to a score of 2 (38.1% for the test versus 40% for the control product, p = 0.015).
Introduction
The onset and progression of destructive forms of periodontal disease are closely related to the subgingival presence of microbial biofilms. 1 These biofilms are derived from and have a close relationship with the supragingival environment. 2, 3 The transition from the supra-to the subgingival environment is a critical step, because a new ecological environment is established in a location not readily accessible to daily oral hygiene procedures. 4, 5 Recent data has been presented identifying supragingival biofilm as a risk factor for the re-infection of the subgingival area, and consequent recurrence of periodontitis in treated patients. 6 Accordingly, adequate control of supragingival deposits should be an essential measure to prevent the establishment of bacterial biofilms subgingivally.
The transition of the dental biofilms from a supra-to a subgingival location was followed in a 96 h period without oral hygiene. 7 During the initial biofilm formation period, a Plaque Free Zone (PFZ) was observed between the cervical borders of the biofilm and the gingival margin. This Declaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
PFZ disappeared with time in most of the examined surfaces, indicating that part of the supragingival biofilm was now covered by the gingival soft tissues.
Using a similar approach, a study analyzed the effect of chlorhexidine (CHX) on the initial formation of subgingival deposits. Daily rinses with 0.12% CHX resulted in significant inhibition of the subgingival extension of the biofilm in a 96 h period of observation, as compared with placebo rinses. 8 However, the recommendation of daily use of CHX is hindered by adverse effects associated with this antiseptic. 9 Several other antiseptics have been suggested in the literature. 10, 11, 12 Among them, triclosan (TCS) can be found in different formulations of dentifrices and rinsing solutions. Daily brushing with dentifrices containing TCS is associated with significant reductions in supragingival biofilm and gingivitis levels. Systematic reviews of the literatures and meta-analyses have shown that these effects are significant, even under different methodological conditions. 12, 13, 14 Short-term experimental studies have demonstrated significant reductions in supragingival biofilm, when rinsing with slurries of dentifrices containing TCS. 15, 16 These studies have not examined the possible effect of TCS in subgingival biofilm formation. TCS has antimicrobial and anti-inflammatory properties that may also be important for inhibiting subgingival biofilm formation. 17, 18 The purpose of the present study was to determine the efficacy of rinses with slurries of a dentifrice containing TCS in the initial formation of subgingival biofilm, as compared with rinses containing slurries of a control dentifrice.
Methodology Study design
The study was developed as a double-blind, randomized clinical trial with a cross-over design; the primary outcome was the formation of subgingival biofilm, defined as the percentage of surfaces with a score of 2, according to the PFZ Index. 8 The trial was registered at www.clinicaltrials.gov (NCT02192060). The sample size was calculated estimating that 10% (+10) of the dental surfaces would show the formation of subgingival biofilm (criterion 2 of the PFZ Index) using the dentifrice containing TCS, versus 21.6% of surfaces of similar condition using the control dentifrice. 8 Considering an α error of 5% and a study power of 80%, the number of participants calculated was 24; therefore, a total number of 30 participants would be required to allow for an attrition rate of 20%. The study was approved by the University Human Research Ethics Committee (CAAE 11657613.3.0000.5347).
Sample
Thirty-two volunteers among students of the Universidade Federal do Rio Grande do Sul -UFRGS Dental School were examined, 5 did not meet the inclusion criteria, and 1 was lost during the study, comprising a total of 26 participants (Figure 1 ). The mean age was 22.96+3.51 years old, and 18 participants (69.23%) were females.
Eligible volunteers were included as participants if they were non-smokers, had good general health, had at least 20 natural teeth, not including 3rd molars, but including upper anterior teeth, pre-molars without restorations, and teeth with orthodontic appliances, anatomic irregularities, gingival recession, gingivitis 19 and /or periodontitis, and were not taking antibiotics or undergoing anti-inflammatory therapy for over 30 days prior to the study, were not pregnant or breast-feeding, and had a negative history of allergy to the experimental products.
Randomization was performed by a software program (available at www.randomization.com) after the baseline examination. Allocation of each rinse solution to the sequence test/control or control/ test was concealed in opaque, sealed and serially numbered envelopes. The researcher in charge of the distribution of the participants was not involved in the clinical exams (SCG). The study was developed between May-June 2013, at the Periodontology Clinic of the Universidade Federal do Rio Grande do Sul -UFRGS.
Training and Calibration Procedures
The clinical examiner (EA) was previously trained in the evaluation of the PFZ, aided by clinical pictures. Subsequently, he was calibrated with a gold standard examiner (PW). The kappa for the interexaminer calibration was 0.72. The intraexaminer calibration consisted of repeating the PFZ exams 1 hour after the first exam, in 15% of the sample (kappa = 0.70).
Preparation of the Slurries
The slurries were prepared by adding 1 gram of the dentifrice to 10 ml of distilled water. The slurries were conditioned in single-dose plastic vials, coded and distributed to the participants. Slurries of the experimental dentifrices were prepared by a member of the team who was not involved in the clinical examinations (SCG). The test dentifrice (Colgate Paulo, Brazil) were purchased by the researchers in the local market. The test and control slurries were identical in color and taste, and were identified by an alphanumeric code. Both the examiner and the participants were blinded to the slurry allocation in each experimental period.
Experimental Design
The participants' upper premolars, canines and incisors comprised the experimental teeth. The teeth received a thorough scaling, and polishing for the complete removal of biofilm until no deposits could be identified, following the use of basic fuchsine (Replamic T, Iodontec, São Paulo, Brazil) as a disclosing agent. Next, the first rinse with the given slurry was performed for 1 minute. Oral and written instructions advised participants to refrain from mechanical cleaning of their experimental teeth. As for the remaining teeth, brushing and flossing were allowed, but the participants were asked to refrain from using dentifrices and from rinsing with oral antiseptics. They were also asked to repeat their rinsing with the slurry after 12 h, and further instructed not to eat or drink up to 30 min after rinsing. Daily doses were distributed every 24 h, at which time the used plastic vials were also collected. During the first experimental period (P1), clinical exams were repeated at 24 h, 48 h, 72 h and 96 h, according to the following scheme. The experimental teeth were washed thoroughly with a water spray, and then dried. Next, the disclosing solution was applied for 30 sec. The PFZ Index was recorded according to Maliska et al. 8 The buccal surfaces were divided into three areas: two proximal and one facial. Score 0 was given to the absence of biofilm, score 1, to the presence of biofilm and the presence of a PFZ, and score 2, to the presence of biofilm and the absence of a PFZ.
Once P1 was concluded, the participants received a new dental prophylaxis and were allowed to return to their usual homecare procedures for a washout period of 10 days. The second experimental period (P2) followed the same protocol as P1, except that the experimental slurry groups were switched.
Data Analysis
Codified results were collected on a spread sheet and analyzed with SPSS 18.0 software (SPSS Inc., Chicago, USA). The mean percentages for each score of each group in the different experimental periods were calculated. The average percentages of each score were also calculated for the proximal and facial thirds, individually. The conversion of scores 0 and 1 to score 2 in each experimental period was assessed to evaluate the initial formation of the subgingival biofilm. Comparisons were performed with the Friedman and the Wilcoxon tests. The Bonferroni corrections were applied in the case of multiple comparisons. The entire analysis took into consideration the cross-over design of the study. The level of significance was established at 5%.
Results
When all the experimental surfaces were observed, the test product was found to have a significantly higher proportion of plaque free surfaces, as shown by the score of 0 for the test, compared with the control product (p < 0.001), at 24 h. For all the other experimental time periods, there were no statistically significant differences in plaque formation (Table 1) .
When the facial surfaces were analyzed separately, significant differences were observed in the mean percentage of the scores between the test and the control group after 24 h and after 96 h. The control product showed significantly higher percentages of scores 2 at 24 h (0.5% for the control versus 0% for the test product) and at 96 h (61.7% for the control versus 60.2% for the test product). No significant differences were observed between test and control at 48 h and at 72 h (Figure 2) .
Regarding the proximal surfaces, significant differences were observed in the percentage of scores between test and control groups for the experimental periods of 24 h and 72 h. The use of the test product resulted in a significantly higher percentage of plaque-free surfaces, borne out by score 0, both at 24 h (53.4% for the control versus 60.4% for the test product) and at 72 h (2.9% for the control versus 6.6% for the test product). In relation to the 48 h and 96 h time periods, there were no significant differences between both products (Figure 3) . Finally, the conversion from scores 0 and 1, representing the absence of subgingival plaque, to score 2, representing the presence of subgingival plaque, was analyzed. Between 48 h-72 h, subjects who used the test product presented a lower percentage of sites converted to score 2, i.e., use of a TCS slurry resulted in a lower percentage of subgingival plaque sites than use of the control slurry (38.1% for the test versus 40% for the control product, p = 0.015). Subjects who used the test product between 72 h-96 h presented a significantly higher percentage of sites converted to score 2 (p = 0.002) (Figure 4) . The same analysis performed with the facial surfaces showed no statistically significant differences in the conversion from scores 0 and 1 to score 2, regardless of the time period ( Figure 5 ). No adverse effects were reported during the study. 
Discussion
The results of the present study have shown that rinsing with slurries from a dentifrice containing TCS significantly maintained a PFZ, as compared with the control slurry. The major consequence of this effect is that the formation of subgingival biofilm was also inhibited by the test formulation, as compared with the control.
The inhibitory effect of the TCS dentifrice on supragingival biofilm formation was observed in the first 24 h of undisturbed accumulation. When the facial third of the buccal surface was considered separately, this effect was observed in the 24 h and 96 h measurements. When the proximal thirds were examined, the inhibitory effect was observed in the 24 h and 72 h measurements. These results confirm previous data reporting the inhibitory effect of TCS on biofilm formation. 13 They are also in agreement with the observation that this effect is more pronounced in the proximal areas. 20 However, there are some important differences between this study and others, in regard to how the inhibitory effect of the TCS formulations was measured. Most of the previous studies used plaque indices that measured the distribution and/or quantity of biofilm formed on the dental surface. In the present study, the analysis introduced an additional component, which was the presence or absence of the PFZ. It has been previously shown that the transition between the presence and disappearance of the PFZ occurs when part of the supragingival bacterial deposits are covered by the gingival margin, thus favoring the subgingival location of the bacterial biofilm. 7 The major difference observed between the test and the control product was in the percentage of 0 scores favoring the test formulation. This result per se is important, since it discloses the presence of the initial inhibitory effect attributed to TCS formulations. 13, 15, 16 However, the conversion of scores 0 and 1 to score 2 are essential to the hypothesis of the present study, since the subgingival location of the biofilm is directly related to score 2. In this sense, in regard to the proximal aspects, significantly smaller conversions to scores 2 from 48 h to 72 h were observed in association with rinsing with slurries of the TCS dentifrice, as compared with the control. Conversions to score 2 observed from 72 h to 96 h were significantly higher with the TCS slurry, suggesting that TCS does not prevent subgingival colonization. However, the use of the TCS slurry retarded early subgingival formation. Some studies have reported that the inhibitory effect of TCS increases in direct proportion to the amount of existing biofilm. 21 This observation could explain the different behavior observed for the proximal and facial aspects. The conversion to scores 1 and 2 occurred earlier and in greater proportion at the proximal thirds than at the facial aspect. On the other hand, it should be borne in mind that the teeth examined were incisors, canines and pre-molars. It is known that the formation of supragingival biofilm is different in different areas of the mouth, and is especially pronounced in the molar region. 22 In the present study, molars were not included because of the technical difficulties in performing a reproducible examination in these areas. Dental students formed the test panels. Bear in mind that these students may give responses associated with their degree of knowledge and professional motivation. 23 The experimental period was 4 days, considered by previous studies to be enough time to observe the inhibitory properties of TCS for supragingival biofilm formation. 7, 15, 16, 24, 25, 26 A more prolonged period of observation would allow an analysis of a larger number of sites with scores 0 and 1, especially in the facial aspects. However, studies of this nature, requiring more than 4 days of no oral hygiene, have ethical restrictions. On the other hand, the results of the present study call for studying the process of subgingival biofilm formation in models that include regular oral hygiene procedures.
In the present study, the intraexaminer kappa (0.70) was slightly lower than the interexaminer measure (0.72); this can be interpreted as a limitation of the study. Likewise, the long-term gingival response was not assessed. 7 A greater period of observation would be needed to ascertain the inflammatory response and its correlation with the presence/absence of a PFZ. This effect may be of particular interest, since it has been shown that TCS also has anti-inflammatory properties. 17, 27 Some studies have shown that the daily use of TCS-containing dentifrices reduces the progression of periodontitis, 28 and prevents periodontitis in young populations. 29 The colonization of the subgingival area by bacterial biofilms is essential to the establishment of periodontitis. 30 This colonization is promoted by supragingival biofilm and its progression towards the subgingival area. 28 In this context, measuring the PFZ clinically indicates the sequence of how this process occurs and what measures may be implemented to prevent it.
Conclusion
The results of the present study have shown that rinsing with slurries of dentifrice containing TCS retards the down growth of bacterial biofilms from the supra-to the subgingival environment. The impact of these results requires further testing to secure new avenues for the prevention of destructive periodontal diseases.
